Background and Purpose-Desmoteplase is a novel and highly fibrin-specific thrombolytic agent. Evidence flow/low-grade stenosis (TIMI 2-3) at screening, with the majority having a favorable outcome at day 90. In contrast, favorable outcome rates in patients with vessel occlusion/high-grade stenosis (TIMI 0 -1) were 18% with placebo versus 36% and 27% with desmoteplase 90 and 125 g/kg, respectively. The clinical effect based on the pooled data from DIAS, DEDAS, and DIAS-2 was favorable for desmoteplase-treated patients presenting with TIMI 0 to 1 at baseline (OR, 4.144; 95% CI, 1.40 -12.
I
maging-based extension of the established 4.5-hour time window for treatment of acute ischemic stroke with fibrinolytic agents has been a major goal since the implementation of spiral technology in CT and echo planar imaging in MRI. 1, 2 Both modalities now can be used to image vessel occlusion as a source of brain ischemia and allow estimation of brain perfusion to identify areas of penumbra. 3, 4 Treatment beyond the established time window of patients experiencing acute ischemic stroke should be focused on those who are likely to benefit from treatment and unlikely to be harmed. Imaging of a penumbra would be the ideal approach to identify those who might benefit most. Theoretically, identifying a mismatch between clinical severity and infarct volume (clinical diffusion mismatch), a mismatch between infarct and perfusion deficit (perfusion-weighted imaging and diffusion-weighted imaging [PWI-DWI] mismatch), and a mismatch between infarct volume and site of vessel occlusion could help identify whom to treat.
Although the theoretical prognostic value of PWI-DWImismatch is clear, only a few studies have used PWI-DWI mismatch to select clinical trial participants for thrombolytic treatment. Most of these studies are part of the Desmoteplase In Acute Ischemic Stroke (DIAS) clinical trial program. [5] [6] [7] This program is focused on the safety and efficacy of desmoteplase, a novel and highly fibrin-specific thrombolytic agent. Data from the first 2 phase II trials (DIAS, nϭ57; Dose Escalation of Desmoteplase for Acute Ischemic Stroke [DEDAS] , nϭ37) suggested that desmoteplase is safe and efficacious. 5, 6 Whereas the DIAS-2 phase III trial (nϭ186) also supported the safety profile of desmoteplase, it did not replicate the positive efficacy findings of DIAS and DEDAS. 7 These apparently discrepant results of the DIAS and DEDAS studies and DIAS-2 are difficult to explain by chance alone. Therefore, post hoc evaluations of the key variables of the studies were performed. 8 Although the numerous similarities in the trial designs allow pooling of these data, there are some differences worthy of consideration. On review, it was apparent that 1 key variable differed significantly between DIAS, DEDAS, and DIAS-2; there was a higher percentage of patients presenting with intracranial vessel occlusion or high-grade stenosis in the DIAS and DEDAS phase II trials (57%) versus the DIAS-2 phase III trial (30%; PՅ0.0001). Given that vessel occlusion appears to be the cause of ischemic stroke and restored patency, the key to good clinical outcomes, we decided to evaluate degree of vessel occlusion as a predictor of clinical outcomes in this data set. Thus, our primary purpose in the present analysis was to test the hypothesis that desmoteplase had a positive effect on clinical outcome at day 90 in patients with verified baseline intracranial vessel occlusion or high-grade stenosis.
Materials and Methods

Patients
Study designs of DIAS (NCT00638781), DEDAS (NCT00638248), and DIAS-2 (NCT00111852) were similar. Detailed inclusion and exclusion criteria, imaging assessment schedules, and trial profiles have been published previously. [5] [6] [7] The 3 studies enrolled patients aged 18 to 85 years with clinical signs of hemispheric stroke. Treatment time window was 3 to 9 hours, and stroke severity ranged from 4 to 24 points on the National Institutes of Health Stroke Scale (NIHSS). 9 Either CT (consisting of native CT, perfusion CT, and CTA [DIAS-2]) or MRI (consisting of DWI, T2*-weighted images, fluid-attenuated inversion recovery, MRA, and PWI [DIAS, DEDAS, DIAS-2]) was used to identify an ischemic region exceeding the initial infarct. Postprocessing of MRI perfusion data was performed according to local protocols at each site. Investigators adjudicated perfusion deficits visually without applying a certain threshold. Patients presenting with a sitedetermined visual mismatch between infarction and hypoperfusion were deemed to have potential to benefit from desmoteplase therapy, thus qualifying for randomization. The primary clinical endpoint in all 3 studies defined clinical response as a composite of Ն8 points of improvement (or Յ1 on NIHSS), a score of 0 to 2 on the modified Rankin Scale, and a Barthel Index score of 75 to 100 at 90 days. 10 -12 
Procedures
All baseline CT and MRI examinations were evaluated qualitatively at each site for enrollment eligibility. The presence of PWI-DWI mismatch was evaluated in accordance with local practice. In DIAS-2, a central imaging reading group (M.W., S.P., J.B.F.) subsequently evaluated the imaging data independently and in a blinded fashion by quantitative perfusion deficit volume and infarct volume assessments. Vascular status at baseline was read in consensus by 2 central readers (S.P. and J.B.F.) blinded to all other imaging results and clinical information. In DIAS and DEDAS, the same procedures were performed by 1 blinded central reader (S.W.).
Four stages of vascular status were distinguished with either CTA or MRA, according to the modified Thrombolysis In Myocardial Infarction (TIMI) scale. [13] [14] [15] TIMI grade 0 (complete occlusion) was defined either as lack of flow signal of a vascular segment and distal vessels by MRA or as lack of contrast filling of a vascular segment on CTA. TIMI grade 1 (high-grade stenosis or near-complete occlusion) was defined as severe or critical stenosis of a vascular segment by either CTA or MRA; significant reduction of flow signal distal to stenosis was also noted in MRA evaluation. TIMI grade 2 (mild to moderate stenosis) of a vascular segment was characterized by stenosis with normal distal flow signal on either CTA or MRA, and TIMI grade 3 was a normal open vascular segment with either imaging modality.
Statistical Analysis
Binary and dichotomized data are presented as frequencies and percentages; continuous data are presented as medians, mean values, and standard deviations (SD). Because findings on clinical outcome were similar for TIMI grade 0 and 1 and for TIMI grade 2 and 3, respectively, these were grouped as 0 to 1 and as 2 to 3 ( Figure 1 ).
In DIAS-2, patients with a baseline TIMI score of 0 to 1 were compared with patients with a baseline TIMI score 2 to 3. Sex and presence of diabetes were analyzed using the 2 test; age, time window (onset to treatment), baseline NIHSS, and baseline infarct volume were analyzed using the Wilcoxon rank-sum test. The comparisons were performed within each image modality (CT, MRI) as well as in all patients. In addition, patients evaluated with CT were compared with those evaluated with MRI within the subgroup of patients presenting with TIMI 0 to 1.
Clinical outcome on day 90 was analyzed on both DIAS-2 data alone and on a pooled sample of patients randomized to either placebo or desmoteplase 90 or 125 g/kg from DIAS, DEDAS, and DIAS-2. In DIAS-2, the predictive value of baseline infarct volume on clinical response at day 90 in each TIMI class was investigated using a logistic regression model including baseline infarct volume, treatment (desmoteplase 90 or 125 g/kg versus placebo), TIMI class (0 -1, 2-3), and the 2-way interactions. The predictive value of the final infarct volume at day 30 on the day 90 clinical response was investigated using a logistic regression model, with clinical response explained by day 30 infarct volume, treatment, and the interaction between treatment and infarct volume. The responder analysis of the pooled data was based on a logistic regression model including treatment, TIMI class, baseline infarct volume, and TIMI class-bytreatment and baseline infarct volume-by-treatment interactions. A reanalysis with baseline infarct volumes omitted from the model was performed, and odds ratios were calculated for the treatment effect within TIMI class. In addition, a similar analysis including treatment, baseline mismatch volume, and interaction between treatment and mismatch volume was performed with baseline mismatch volume dichotomized at 60 mL. The analyses were stratified for trial when pooled data were used.
Sample size calculations were performed with assumptions based on the obtained results from the pooled data in the TIMI 0 to 1 group and at different rates of patients (0%, 10%, 20%, 30%) presenting without target mismatch. A 2-sided 2 test at the 5% level of significance with a power of 80% and equal distribution between treatment groups of patients without target mismatch was assumed. The response rate was assumed to be 0% for patients without target mismatch, and for patients with a target mismatch the response rate was assumed to be 16% for placebo and 40% for desmoteplase. SAS version 9.1.3 (SAS Institute) was used for the statistical analysis. PϽ0.05 was considered statistically significant.
Results
In DIAS-2, TIMI data were available from 179 of 186 treated patients (CTA, nϭ61; MRA, nϭ118). In total, 53 patients (29.6%) had vessel occlusion/high-grade stenosis (TIMI 0 -1) at baseline, and 126 (70.4%) presented with normal flow/lowgrade stenosis (TIMI 2-3). The demographic data were generally similar for TIMI 0 to 1 and TIMI 2 to 3 subgroups ( Table 1 ). The only significant difference between the 2 TIMI groups was in initial stroke severity (median NIHSS score, 13.0 [TIMI 0 -1] versus 9.0 [TIMI 2-3]; Pϭ0.008; Table 1 ).
Further comparisons between the patients with a TIMI 0 to 1 and evaluated with CTA or MRA showed that CTA patients (nϭ12) presented with a median NIHSS score of 18.5, whereas MRA patients (nϭ49) presented with a median score of 10.0 (Pϭ0.0004). This difference was associated with a significantly larger infarct volume at screening (median, 38. Vessel status at screening had no influence on the distribution of patients across the time window: approximately 38% of each of the TIMI 0 to 1 and TIMI 2 to 3 patients were treated within 3 to 6 hours. Treatment of TIMI 0 to 1 patients with placebo, desmoteplase 90 g/kg, or desmoteplase 125 g/kg led to responder rates at day 90 in DIAS-2 of 18%, 36%, and 27%, respectively ( Table 2 ). The responder rates in the pooled data of DIAS, DEDAS, and DIAS-2 were 16%, 38%, and 42%, respectively ( Table 2) . Infarct enlargement at Day 30 in DIAS-2 TIMI 0 to 1 patients, screened by MRI, was considerably less in responders than in nonresponders ( Table 3) . (Figure 2) .
A hypothetical sample size calculation on the pooled data from TIMI 0 to 1 patients (all patients have a target mismatch) included in DIAS, DEDAS, and DIAS-2, showing 16% responders in the placebo group and 40% in the desmoteplase group (90 or 125 g/kg), would result in the requirement of 54 patients per arm to find significance with 80% power at PϽ0.05 (2-tailed). An increase of the proportion of patients without a target mismatch assuming that these patients are nonresponders would result in a higher sample size (Table 4) .
Discussion
The post hoc analysis reported here showed an advantage in composite score for desmoteplase 90 g/kg of 18% in TIMI 0 to 1 patients enrolled in DIAS-2, being consistent with the score of 22% when data from TIMI 0 to 1 patients were pooled from all 3 desmoteplase trials (DIAS, DEDAS, and DIAS-2). Analysis of all patients treated with desmoteplase 90 or 125 g/kg in the 3 trials revealed a significant beneficial effect in patients with occlusion or high-grade stenosis (TIMI 0 -1), resulting in an odds ratio of 4.144 for clinical response to desmoteplase.
The results of this post hoc analysis are based on a mismatch-selected population. In DIAS, DEDAS, and DIAS-2, patients were randomized if a 20% visual mismatch was present. Selecting based on vessel status carries a risk of randomizing patients without a mismatch. In DIAS-2, out of 228 imaging-screened patients (randomized and those who failed screening) with assessable perfusion imaging and angiography, 85% (52/61) of patients with TIMI 0 to 1 presented with a 20% visual mismatch versus 63% (105/167) in those with TIMI 2 to 3. This is in line with the results reported by Röther et al 15 showing that 91% of patients with vessel occlusion on MRA have a 20% visual mismatch within a 6-hour time window. Similarly, pooled data from DIAS, DEDAS, and DIAS-2 (nϭ206, randomized MRI patients) showed that 44% presented with TIMI 0 to 1, and that the proportion of patients with vessel occlusion or severe stenosis increased with absolute mismatch volume. In 113 patients presenting with Ͼ60 mL mismatch volume, 66% had TIMI 0 to 1, and in the group of 80 patients presenting with Ͼ120 mL mismatch volume, 79% had TIMI 0 to 1 at screening. This suggests a strong correlation between vessel occlusion and mismatch.
Patients in DIAS-2 had significantly milder strokes than patients in DIAS and DEDAS, as indicated by lower median baseline NIHSS, and 20% to 50% smaller absolute core and mismatch volumes. 7 However, exclusion of patients with normal CTA/MRA reduced the placebo composite responder rate preferentially, revealing a 9% (125 g/kg) to 18% (90 g/kg) absolute advantage for desmoteplase. It must be noted that in MRI-selected patients, the limited coverage of MRA carries a risk of not detecting distal vessel pathology.
The DIAS-2 trial was designed to have identical selection criteria as DIAS and DEDAS. The milder stroke severity in DIAS-2 can be explained by the heterogeneity of the perfusion algorithm that has been used at contributing centers. Thus, patients with limited infarction and benign hypoperfusion were considered for randomization. Recent studies show that even the initial selection of arterial input function in the process of perfusion data after processing can significantly influence the perfusion map result by chance and, thus, cause a false-positive diagnosis of mismatch. 16 The present study contributes to the validation of the "initial vascular patency" as a stroke imaging biomarker with therapeutic value. 17 A similar observation was reported by Ma et al, 18 who investigated in 94 patients whether baseline vessel status evaluated by MRA can be the foremost factor to classify patients into subgroups for thrombolytic therapy within 3 to 6 hours of symptom onset. They concluded that patients not having initial occlusion on MRA might not need thrombolytic therapy. Optimal candidates for thrombolytic therapy were salvageable patients, classified as presenting with a combination of occlusion, PWI-DWI mismatch, and an initial DWI volume Յ100 mL. 18 In addition, in the Prolyse in Acute Cerebral Thromboembolism II (PROACT-II) trial, which targeted patients with angiographically proven middle cerebral artery occlusion, clinical outcome was improved after intra-arterial thrombolysis within 6 hours (40% recombinant prourokinase versus 25% placebo). 19 This treatment response was associated with recanalization rates of 66% and 18%, respectively. Posttreatment vessel status information for pooled desmoteplase MRI data is lacking, rendering a comparison to PROACT-II recanalization rates impossible. Other studies did confirm good recanalization rates but did not reach positive clinical endpoints.
Use of the diffusion-MRA mismatch approach to triage and determine treatment has been proposed by Lansberg et al. 20 The authors consider treatment if an infarct volume Ͼ15 to 25 mL was diagnosed with DWI and severe stenosis or occlusion was present. However, accurate assessment of infarct volume is not easy to obtain in the acute setting. Our results, focusing on either CTA or MRA to identify and localize vessel occlusion, support a more practical strategy through the simple exclusive use of severe stenosis or occlusion as a criterion to include patients.
One relevant limitation of this study is the lack of assessment of early recanalization attributable to the absence of early follow-up vessel examination in the protocol. This marker has been associated with a good outcome after treatment. 21 However, the decision to focus a study protocol and finite study resources on proof of clinical drug effect justifies omitting an early vessel status assessment, as was recommended in the acute stroke imaging research road map in 2008. 22 We suggest that the priority of acute stroke research should be the validation of pretreatment biomarkers that allow better patient selection.
Conclusions
Post hoc analysis of results from the DIAS-2 trial suggests that inclusion of patients with normal or near-normal findings on CTA/MRA contributed to an unusually high placebo response rate and attenuated desmoteplase treatment effects. Restriction of the sample to patients with proximal vessel occlusion or severe stenosis reduced the placebo responder rate and demonstrated beneficial treatment effect of desmoteplase. Further investigation is necessary to determine whether the vessel status alone is sufficient to predict treatment outcome or vessel status in combination with perfusion imaging would improve treatment outcome. The collection of data on perfusion imaging within ongoing randomized desmoteplase clinical trials and investigation of combined selection endpoints (verified vascular occlusion, perfusion features, or both combined) could help provide some answers. Nonetheless, using CTA or MRA in clinical trials of thrombolytic therapy appears to be an appropriate selection strategy.
